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1. Introduction 

Locating high-contrast geological anomalies such as underground cylindrical 
cavity, the cross-borehole continuous wave electromagnetic prohing[l] is superior to the 
geophysical tomography rnethods[2, 3] because the single frequency signal is free from the 
host medium dispersion which gives greater system dynamic range and effects of refraction 
and the diffraction by the cavity are dominant far beyond the correction level[4]. [f the 
wavelength of the transmitted signal is about the radius of the cylindrical cavity, double 
dips in the amplitude pattern of the received signal appear at two locations corresponding 
to the top and the bottom boundaries of the empty cavity. These double dips of the total 
field for certain signal frequencies become double nulls in the near field region[5]. 

It is interesting to ask whether similar phenomenon occurs for an air sphere in a 
denser host medium. It is shown that the double nulls and dips are also fonned and the 
nulls are shown to be formed when the scattered field equals the incident field with its 
phase reversed. Their corresponding parameters such as frequencie s and field points are 
obtained. 

2. Double nulls and dips 

When a monochromatic plane wave E i, whose electric vector is linearly polarized 
in the x-direction, is incident upon an air sphere of radius a embedded in a homogeneous 

dielectric medium of its relative dielectric constant Er , as shown in Fig. I , the total field E I 

in the z = z' plane outside the sphere as a function of (p , ~) may be obtained analytically by 
the sum of E; and the scattered field E' from the exact solution[6]. For the numerical 

calculation, the radius of the air sphere is chosen to be I m, Er of the host medium to be 2, 
and the frequency of the transmitting signal to be from 50 MHz to 950 MHz. 

A typical double dip pattern of the co-polarized total field E~ is shown in the top 
figure of Fig. 2. Amplitude and phase variation of the corresponding scattered field is 

shown in the bottom figure for 510 MHz, z' = 3 m, and ~ = 0°. Two dips occur at p = p .. 

and P.2' where the amplitude of the scattered field is equal to that of the incident field. 

Amplitudes of the scaltered field at these points, P., and P." are slightly larger than that of 
the incident field and the corresponding amplitude dips of the total field become about 22.3 
dB below that of the incident field. 
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Two dips of the total field for 640 MHz occur at near Ppl and Pp2> where the phase 
of the scattered field differs by 180 0 from that of the incident field, as shown in Fig. 3. As 

the signal frequency increases from 510 MHz to 640 MHz, the equal amplitude point P. 

becomes smaller than the 1800 phase points PI' as shown in Fig. 3 while p. is larger than PI' 
for 510 MHz as in Fig. 2. This crossing over two points. PI' and P.t occur at frequency of 
549.6043 MHz (the corresponding wavelength in the host medium is 0.386 m) for z' ~ 3 m 

where the double nulls of the total field are formed at p = 0.670 m, for G> = 0° and the 
distance between two nulls is about two-thirds the size of sphere, as shown in Fig. 4. 

In the far field region, however, the amplitude of the scauered fields are smaller 
than that of the incident field and nulls in the amplitude pattern of the total field can not 
occur. In the case of the air sphere of 1 m radius and e,. = 2 this critical distance z' are 

calculated to be 3.967 m, 4,119 m, and 4,267 m for G> = 0", 45°, and 90", respectively. 
One may find out signal frequencies where the double nuUs occur by plotting 180 

phase points(p~ and equal amplitude points(p.) versus frequency, as shown in Fig. 5. For z' 
= 3 m, three frequencies, 422.180 MHz, 549.6043 MHz and 715.414 MHz, give P, = P. 
and the double nulls occur at these frequencies. One may show that other double nulls are 
also formed in the higher frequencies above 950 MHz. As G> change from 0 ' to 360° and z' 
change from 2.1 m to 3 m, locations and frequencies where lhese double nulls occur are 
shown in Fig. 6. 
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Fig. 2. AmplilUde p,&lIem of the co-polarized lOla! field (lop) 
and the amplitude and plu.$e pattems of the scauered fie ld 
nonnalized by !he incident wave (bouom) for z' = 3 m, ~ .0·, 
and r .. .510 Mlb.. 

Fig. 3. Amplitude panem of the lotal filed and normalized 
Oll'1l'lil1ide and. phase pauems of the scallelCd fic:ld for z' z 1 m. 
() = (1', and r,. 640 MHz. 
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and normaJi~ amplitude and phase pallerns of the scattered 
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go' n ..... l.l 

",' 

'" 

" • l.a • 
" • 2.1 • 

.. 
• • 
~ 

" ~ 

• ~ g 

~ 

" ~ , 
~ 

~ g 

1.00 
~: f .. 422.1 00 " .. , 
B : t • 54'.6043 tllil:l 
C: f .. 715.414 , .. , 

LSO 
P", ....--"\ 

,,/ ! ...--'-'- , 
, .00 

(/ (.~ 
/" .... / 

I O.SO , 
i p" A \ / c /, 

0.00 
SO.O 100.0 J50.0 500 .0 650.0 ".0 950.0 

1.00 
B': f .. 56J.ll4 Illizi 

LSO 

0.00 
B" _.--...... 

O.SO 

0.00 '-'..L~-U-"-c_~:'-~.,..= 
SO.O 200.0 350.0 500.0 6SO.0 !;OJ.a !BJ.O 

FREIl.UCY IIfttJ 
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poinlS Pol as a furlction of the signal frequenc y from 50 MHz 10 
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Fig. 6. Loci of lhe posilions and frequencies where double nulls 
occur u a function (I from 0" 10 360* for z' '" 2.1 m and 3 m: (a) 
null positions vs. 9. (b) null frequencies vs. '+I_ 
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